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Abstract— This paper covers some recent advances in the
search for a silicon quantum cascade laser. These include
intersubband lifetime measurements, growth of high quality
structures on buried silicide layers, and demonstration of THz
electroluminescence.
I. INTRODUCTION
Semiconductor lasers are gaining ever increasing impor-
tance in industrial applications and there have been sustained
efforts over the past few years to develop a silicon based
laser source. Such a silicon based device would represent a
considerable advancement in optoelectronic technology since
it would open the way for inexpensive monolithic integrated
optical and electronic components.
While III-V semiconductor lasers covering most wavelength
ranges are now commonplace, efficient silicon based lasers
operating above liquid helium cryogenic temperatures have
consistently eluded researchers. This is largely due to the
indirect band gap in silicon, which prevents fast electron-
hole recombination. Quantum cascade lasers, however, rely on
intersubband transitions, effectively negating the detrimental
indirect bandgap. Intersubband transitions usually have small
energy gaps, resulting in emission in the mid- and far-infrared
(THz) part of the electromagnetic spectrum. Sources that emit
THz radiation have recently become a “hot” research topic,
with the emergence of several potential applications. These
include medical imaging [1] (including dental and skin can-
cer), biological weapons detection [2], explosives detection,
gas sensing, pollution monitoring, and molecular spectroscopy.
II. CURRENT STATE OF THE ART
While a III-V THz quantum cascade laser has already
been recently demonstrated [3], there are several reasons why
silicon based devices might have considerable advantages.
Firstly, silicon and germanium are both group IV elements and
hence the Si-Ge bond is non-polar. This means that there is an
absence of polar optical phonon scattering in SiGe material.
Intersubband lifetime measurements of GaAs quantum wells
has demonstrated the dominance of polar optical phonon scat-
tering above 40 K in reducing the non-radiative intersubband
lifetimes. Similar studies on Si/SiGe heterostructures have
demonstrated no reduction in lifetimes up to 100 K [4]. More
recently it has been shown that there is only a very weak
temperature dependence on intersubband lifetimes up to 300 K
[5]. Secondly, silicon is a much more efficient conductor of
heat than III-V materials. This is important since Joule heating
in a laser can significantly affect the maximum operating
temperature. A considerable amount of recent work relating to
higher temperature operation in III-V quantum cascade lasers
has involved the development of structures that maximize heat
dissipation.
Of course, not everything about the silicon-germanium
material system is advantageous. The epilayer designs for
quantum cascade lasers are generally very complex, with
each period comprising an injector region, usually a chirped
superlattice of up to ten quantum wells and an active region
comprising around four quantum wells or, indeed, another
chirped superlattice. This level of complexity, involving a
large number of different layer thicknesses is very difficult to
achieve in the strained Si/SiGe system. Typically the critical
thickness at which dislocations occur is several orders of
magnitude smaller then the necessary thickness of an quantum
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Fig. 1. Transmission electron micrograph (TEM) showing both the top and
bottom few epilayers of a 600 period 4 micron thick quantum well stack
grown by gas source MBE.
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cascade active region and strain compensation is required. The
thickness and mole fractions of each successive SiGe epilayer
are carefully adjusted so that each epilayer under compressive
strain has neighbouring epilayers under tensile strain so that
the average strain across the entire structure is zero. To date
we have demonstrated growth of several microns of quantum
cascade active region that has been perfectly strain balanced.
An good example of this is shown in Fig. 1.
A key technological breakthrough which made the III-V
THz quantum cascade laser possible was the incorporation
of heavily doped epilayers either side of the active region.
These layers are necessary to achieve optical confinement in
the growth direction through surface plasmons. Theoretical
calculations however, show that it is not possible to achieve
the same effect in p-type SiGe with the doping concentra-
tions practical on most growth systems. Another possibility
exists that exploits technology that is only available in the
SiGe material system, i.e. buried silicide layers. These buried
silicide layers are formed by a bond and etch-back technique
and have sufficiently high conductivities to behave as buried
metallic reflectors [6]. In this paper we will present evidence of
high quality quantum cascade active regions on top of buried
tungsten silicide layers and electroluminescence from these
structures.
To date, lasing emission from a silicon based quantum cas-
cade laser has not yet been achieved. So far, only electrolumi-
nescence from intersubband transitions has been demonstrated
[7], [8]. In this paper we will present the latest data showing
electroluminescence from several different types of structures.
Fig. 2 and 3 show good examples of this. Both TE and TM
polarisations show good agreement with the calculated spectra
and lead us to believe that we are making good progress
towards attaining population inversion in our structures.
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Fig. 2. TE polarized edge emission spectrum taken under an applied bias
of 6.4 V (10% duty cycle) at 4.2 K (solid line) and theoretical predictions
(dashed line). The features marked 1,2, and 4 are the well-known p3/2 series
of Si(B).
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Fig. 3. TM polarized edge emission spectrum taken under an applied bias
of 6.4 V (10% duty cycle) at 4.2 K (solid line) and theoretical predictions
(dashed line). The features marked 1,2, and 4 are the well-known p3/2 series
of Si(B).
III. THE FUTURE
Considerable work has yet to be done and there remain a
number of technological hurdles to be overcome. Population
inversion and gain have yet to be explicitly demonstrated.
Thicker active regions need be grown and aspects of relating
to wave-guiding and optical confinement still need to be
addressed.
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